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. Abstract:Observationsof thevelocity,salinity,waterdepthsandtidesin thesouthernregionof
theCananéiaSeaweresampledatananchoredstationduringtwocompletetidalcycles.The
measurementsweremadeduringspringtideson5-6December,1991.The observednon-tidal
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Thc freshwaterdischargcand the barotropicand whichisacomplexshallowwatercntrance,theIcaparaBar
baroclinic omponentsof thegradientpressureforcedue whichis thenorthernmouthof thesystemanda choked
totidesandthelongitudinalsalinity(density),respectively, openingatArarapiratothesouth.
are the main forcing mechanismswhich drive the TheCananéiaScaisabranchof thesouthernentrance
circulationandprovidetheturbulentenergyforthemixing oftheestuarinesystem.It isashallowweaklystratifiedtidal
processinatidalchannel. channeldrivenbysemi-diurnaltides(Miyao,1977;Miyao
At thesimplestleveI,anestuaryoratidalchannclmay etai.1986andMiyao& Harari,1989).Thisregionhasbeen
beconsideredasa"blackbox"whichpumpssaltupstream classifiedas a weaklypartiallymixed(Type2a) estuary
againsthemcanriverflow(Hunkins,1981).Amongthe (Mirandaetai.1995;Bonettifilho, 1995)anddueto the
processesthat producemixing,longitudinalturbulent smallratioof tidalamplitude/meanwaterdepthit is an
diffusionplaysonlyaminorpart,andtheoveralllandward ebb-dominantsystem.Theinfluenceofthewindstressover
. mixingis bettertermeddispersionratherthandiffusion thewaterbodyis of minorimportanceas regardsthe
(Fischer, 1976;Hunkins,op. cit.). Consequently,the stationarycirculation,asdemonstratedbyMiranda(1990)
circulationcomponentduetotheriverdischargedrivesthe basedon simulationsof the stationaryverticalvelocity
advectiveseawardsalt transportand the dispersion profileswithabidimensionalnalyticalmodel.
producedprimarilyby theeffectsof tides,gravitational The dataanalysedin thispaperweresampledat the
circulationandwindsis responsiblefor thelandwardsalt springtideduringtwotidalcydes(25h)on5-6December,
transport. . 1991.Its objectiveisto investigatethemaindrivingforces
The Lagoon-EstuarySystemof Cananéia-Iguapeisa of thenon-tidalcirculationandtocalculatetheadvective
75 km long complexcoastalplain estuarinesystcm, anddispersivecontributorsto thesalttransportoThesalt
composcdof severalchannclsbetweenthe Cananéia, transportis computed per unit width of a section
CardosoandCompridaIslandsin thesouthernregionof perpendicularto thechannclpassingthroughthe fixed
theSãoPauloState(Fig.1).Thissystemhasthrecopenings stationF, locatednearthemouthof themainentranceof























U1~ ILHA DO CARDOSO ,N'
Fig. 1. Southernregionof theCananéia-IguapeLagoon-Estuarinesystem.Observationswere
madeat stationF, northeastof Pontado Arrozal.
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Current andsalinityobservations
Hydrographicproperties,currentprofilesandwater
depthweresamplcdduringthreetidal cydes at one
anchoredstation located NE of Ponta do Arrozal,




























Profiles of the non-tidal currents and the
correspondingsalinityresultsaccordingtoMirandaeta/o
(1995)areshowninFigure2a,b. Thesteady-stateprofile
of the along channelcomponent,<v> indicatesan
almostnetseawardflowandaweakflowreversenearthe
bottom,whichistypicalforaweaklystratifiedestuary.The
weakresidualseawardcurrentis estimatedat Va=- 2.6








V(Z) ==[ gPS)13] (1-9Z2+8Z3) +2.Vf(1-Z2)
48Az 2
+ 1:wxh(1-4Z+3Z2) , (1)
4pAz
wherep::::::103 kg m-3 is the density, g=9.8 m s-1 the







This theoreticalresuIt (eq. 1) indicatesthat the
non-tidalvelocityprofilein awelI-mixedestuaryhasthree
componentsdrivenbythefolIowingforcingmechanisms:
the baroclinic gradient pressure force due to the
longitudinalsalinitygradient(Sx),thefreshwaterdischarge
(Qc)andthewind stress(Twx).
The eoeffieientsof thepolynomialsinZ ofequation
1, whiehrepresentsthe currentvcIocityat thesurface
(Z =O),mayhavetheirordersof magnitudestimated.






















Fig. 2. Non-tidalv-velocitycomponent(a) and salinity(b) profilesat stationF on 5-6of
December1991.
(Adaptedtrom Mirandaet ai., 1995).
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overthe total depthof the watercolumn,h. In the
InternationalSystemofUnits(SI),thesalttransport,Ms,is
giveninkgm-Is-I.













equation (6), such as the v-velocitycomponentis
considered,its time-averageof depth-average(residual
current)isformallygivenby,
T h h- 1
J [





of thev-velocitycomponentand salinity.As hasbeen
shown,variouscorrelationscangenerallybeidentifiedwith
aparticularphysicalprocess(Bowden,1%3;Dyer,1973;
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V(X, Z I t) =va(x) +vt (x, t) +vs(x, z)
+v'(x, z, t) I
S (X, ZI t) =Sa(x) +St (X, t) +Ss(X, z) (9)
+s'(X, z, t) ,





















whereha=<h> is the time-averagewaterdepthand
ht(x,t)isthetidalheight.
Byintroducingequations(8),(9)and(16)intoequation
(6), the advectivesalt transport under steady-state
conditionsmaybedecomposcdinto32terms.Byvirtueof















The terms(a) to (g), on the right-handsideof the
equation(17), havebeen relatedto certainphysical
processes and the following associated physical
mechanisms(Bowden,1963;Dyer,1973and1978;Fischer,
1976;Hunkins,1981;Kjerfve,1986):freshwaterdischarge
(a), Stokesdrift or progressivetidalwavetransport(b),
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Equations(6) and (17) are distinctmathematical
expressionsof thesamephysicalquantity.Comparisonof
theresultsfor thenetsalttransport,computedwiththese




editedrawdatawasusedtoca1culatev, S, <v>, <S>,
andthesteadyvaluesVa,Sa and ha.Usingdefinitions
givenin equations(10)to (13)thevariouscomponents





The mean value of the along channel velocity
component,Va,is equalto -2.6ems-l.The negativesign




the system,this meanvalue will be used as a first
approximationto estimatethis term of the seaward










The prcdominantcontributionto the salttransport
are terms(a) and(b)withestimatedvaluesof -5.1and
0.8 kg m-1s-\respectively (Table2). Theseterms
representsalt transportduetothefreshwaterdischarge.
Term (a) is the highest and gives a seaward
contribution due to the non-tidalvelocitycomponent
inducedbytheriverdischarge.The landwardterm(b) is












would be reachedat the endof thefloodtideanda
phasedifferenceof90°wouldbeexpectedbetweenVtand



















Va (em 5-J.) 5a (0/00) ha (m)
-2.6 32.5 5.8
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Table2. Salttransportcomponentsbaseeion a twotidalcycle(25hours)timeintervaland
analyticalexpressions
Estimateelvalues.in kg m-1s-1

































increasesin magnitudeduring the high-flowperiod
(Hunkins,op.cit).
Theremainingterms(e),(t)and(g)aredispersiveand














c -0.10 ph.. <v tSt>
d 0.10 ph"v,.ss





















Fig. 4. Tidal variationof Vt (a) and St (b), representingmeanvaluesfor two tidal
cycles. Time intervals of positive (Iandward)and negative(seaward) tidal

























Fig. 5.Nan-tidalprofilesaf Vs (a) and 5s (b). Depthintervalsof positive(Iandward)salt
transport,dueto thegravitationalcirculation,areshownin thelowerfigure.
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As acheckontheuseof equation(17),originallywith
32termsbutsimplifiedto onlyseven,a calculationwas
madeusingequation(6) and the resultingvaluesare
comparedin the lasttwo rowsof Table2. Therewas
agreementbetweenthe calculations within 12 %,
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